depopulated after lesions of bovine tuberculosis were confirmed in 8 of 10 tuberculin skin test reactors. Of the 43 animals > 1 year of age, 26 had gross lesions suggestive of tuberculosis, 24 had microscopic lesions of tuberculosis, and 23 had acid-fast bacilli associated with the lesions. Lungs and retropharyngeal lymph nodes were the most frequently affected sites. Most lesions grossly and microscopically resembled tuberculosis in cattle; however, some lesions resembled abscesses or ovine caseous lymphadenitis lesions. Special stains and immunohistochemical techniques labeled few to numerous mycobacteria associated with the lesions.
Until recently, bovine tuberculosis was considered an unusual and sporadic disease in cervids. Reported cases involved captive and wild cervids and were often attributed to contact with infected cattle or bison. 14, 16, 24 With recent development and expansion of game farming, the prevalence, economic impact, and public health significance of tuberculosis in captive cervids have greatly increased. 6, 9, 32 In New Zealand, tuberculosis was diagnosed in wild red deer (Cervus elaphus elaphus) in 1970 2 and in farmed deer in 1978. 17 It is now considered the most important bacterial disease in New Zealand's farmed deer population. 6, 13, 32 Bovine tuberculosis has also been diagnosed in several species of free-living and captive cervids from other countries 1, 8, 11, 15, 19, 20, 25, [29] [30] [31] 33, 35, 36, 43 In North America, reports of tuberculosis in cervids have been limited to sporadic cases in wild and captive white-tailed deer (Odocoileus virginianus) 3, 10, 12, 24 a n d to outbreaks in captive sika deer (Cervus nippon), 2 2 captive fallow deer (Dama dama), 22, 29, 41 and captive wapiti (Rocky Mountain elk, Cervus elaphus nelsoni). 37, 39 In addition, gross lesions consistent with tuberculosis were reported in wapiti, mule deer (Odocoileus hemionus), and moose (Alces alces) in the Canadian National Buffalo Park near Wainwright, Alberta, in 1939 and 1940 . 16 This finding was concurrent 26 This report provides more detailed descriptions of all gross and microscopic lesions of bovine tuberculosis observed in this herd.
Materials and methods
All animals were killed by gunshot. Necropsies were done, gross lesions recorded and photographed, and tissue specimens collected. 26 Samples of grossly observed lesions and/ or parotid, mandibular, retropharyngeal, mediastinal, bronchial, hepatic, and mesenteric lymph nodes that were routinely bisected were placed in 10% neutral buffered formalin and saturated sodium borate transport solution for mycobacterial culture. Specimens were transported within 4 days to the National Veterinary Services Laboratories, Ames, Iowa, for histopathologic examination and mycobacterial culture.
Formalin-fixed tissues were routinely processed using paraffin embedding, and 5-µm sections were stained with hematoxylin and eosin (HE). Significantly mineralized tissues were decalcified and routinely processed. Additional sections from tissues with lesions suggestive of tuberculosis were stained by a new fuchsin-methylene blue procedure (NF) 18 and acridine orange-auramine O (AOA0) 27 and were examined for the presence of acid-fast bacilli and AOAO fluorescent bacilli. Some sections were also stained with Giemsa and Gram's stains.
Selected specimens were stained by a labeled streptavidinbiotin immunohistochemical technique to better demonstrate antigen location. Four-micrometer paraffin sections were deparaffinized, treated with 3% H 2 O 2 to quench endog- Table 1 . Signalment of wapiti with gross and/or microscopic tuberculous lesions and location of grossly observed lesions. enous peroxidase, trypsin digested (20 min at 37 C), blocked with goat serum, and incubated with commercially available polyclonal anti-M. bovis BCG antibody a (30 min at 37 C). Following 3 rinses in buffer, b sections were incubated with biotinylated goat origin anti-rabbit Ig a (30 min at 37 C). After 3 rinses, peroxidase-labeled streptavidin a was applied (10 min at 37 C) and rinsed, and the color was developed with 3-amino-9-ethylcarbazole (AEC).
a Sections were counterstained with Gill II hematoxylin, c and coverslips were mounted with water-base medium.
a Nonimmunized rabbit Ig fraction a was substituted for the primary antibody as a negative control. A commercially available capillary gap system d was used for immunohistochemical staining.
Results

Gross observations.
Of the 43 captive wapiti examined that were 21 year of age, 26 had gross lesions considered suggestive of tuberculosis. 26 Tuberculous lesions occurred most often in retropharyngeal lymph nodes and lung (Table 1) . Lung lesions were concentrated in the dorsocaudal half of caudal lobes (Fig. I) . Several animals had disseminated lesions in the thoracic cavity, and 3 animals had lesions in thoracic and abdominal cavities. In addition, No. 22 had extensive lesions in the mammary gland and supramammary lymph nodes. Pleural lesions involving the thoracic wall were noted in 6 cases and diaphragmatic granulomas in 4 cases. Extensive subcutaneous thoracic abscesses were noted in 2 animals, and 2 animals had lesions in the mesenteric lymph nodes.
Gross lesions varied in size from small miliary foci 1 mm in diameter to large tubercles or abscesses >30 cm in diameter. Lesions ranged from calcified caseous tubercles to thin-walled abscesses. Some lesions contained white to grey-white viscous exudate with scattered tiny flakes of mineralized material. Several round encapsulated lesions contained caseous necrotic material arranged in concentric lamellar layers. In some of these, mineralized material was located in a lamellar arrangement near the outer fibrous capsule. Abscesses and calcified caseous tubercles were present in close proximity in the same organ in several cases.
Mastitis in animal No. 22 was characterized by numerous small to large (2-8 cm diameter) caseous abscesses virtually replacing all normal mammary gland tissue. The caseous material varied from white or greywhite to tan, and some of the abscesses had cavitated centers containing white liquid. Occasional mammary gland abscesses contained caseous material arranged in distinct concentric laminations (Fig. 2) . There was direct extension of mammary lesions to supramam- lung lesion from a wapiti. Note bronchiole containing necrotic exudate and adjacent caseous abscess with focal mary lymph nodes. These nodes were enlarged (3 x 5 cm), and normal parenchyma was replaced with caseous necrotic material. In the same animal, caseous material in some pleural tubercles was also arranged in concentric lamellar layers.
Microscopic features. Microscopic examination confirmed lesions from 24 animals as suggestive or typical of tuberculosis, and acid-fast-or AOAO-positive bacilli were observed in lesions from 23 of the affected animals. Lymph node lesions typically consisted of round, oval, or irregular central zones of caseous necrosis and mineralization surrounded by a narrow to wide mantle of mixed inflammatory cells and a layer of dense collagenous connective tissue. The finely granular caseous necrotic material was stained faintly to moderately eosinophilic with focal basophilic stippling or areas of diffuse basophilia due to chromatin debris. In many lesions, few to numerous neutrophils and degenerating leukocytes were scattered throughout the necrotic material. Mineralization, usually present, was centrally and peripherally located with small to large mineralized foci often extending into the surrounding inflammatory cell infiltrate (Fig. 3) .
The mantle of inflammatory cells surrounding the caseous necrosis usually consisted of an inner layer of few to numerous neutrophils surrounded by a narrow to wide zone of epithelioid macrophages admixed with small or moderate numbers of lymphocytes and macrophages and rare or occasional Langhan's giant cells. Lesions were partially or completely encapsulated with focal capsular invasion and extension into the adjacent lymph node parenchyma. Small unencapsulated focal accumulations of epithelioid macrophages and giant cells were located in some lymph node cortices. The single suggestive lesion noted in the mandibular lymph node of animal No. 21 consisted of a small (1 mm diameter), round, thinly encapsulated focal accumulation of neutrophils, epithelioid macrophages, and Langhans's giant cells.
Lung, pleural, and mammary gland lesions were histologically similar to lymph node lesions. Pleural lesions were usually surrounded by a wider zone of collagenous connective tissue. Lung lesions occasionally lacked mineralization and frequently contained large central accumulations of neutrophils. In some sections, bronchiectatic caseous abscesses were confluent with tuberculous lesions in the adjacent pulmonary parenchyma (Fig. 4) .
Microscopic examination of lesions with gross lamellar architecture revealed concentrically arranged layers of finely granular eosinophilic material and collagen fibers, occasionally interspersed with layers of mineralized material, neutrophils, and chromatin debris. The necrotic centers were usually bordered by small numbers of mixed inflammatory cells and a collagenous connective tissue capsule.
New fuchsin-and AOAO-stained sections contained rare to numerous mycobacteria associated with lesions. Organisms were not observed in the single small lesion from animal No. 21. In most cases, rare or occasional organisms (1 organism/25 250 x fields) were scattered in the caseous necrotic material or surrounding mantle of macrophages and giant cells. Lesions from 5 animals, however, contained numerous mycobacteria (> 25 organisms/25 250 x fields). Organisms were concentrated in the caseous centers, focally or diffusely scattered in the cellular mantle, or randomly scattered throughout the lesions. In some of the concentric lamellar lesions, mycobacteria were concentrated in lamellar zones in the caseous material near the periphery of the lesions or clustered between collagen layers in the capsule (Fig. 5 ). Other organisms were not observed in Gram-stained sections of these lesions. In immunohistochemically stained sections, antigen was present in distribution patterns identical to those seen with NF and AOAO stains. Immunoperoxidaselabeled mycobacteria stained strongly positive and were usually surrounded by a small smudge or halo of lighter staining material. The labeled antigen was easily detected on low magnification (Figs. 5, 6 ). The quantity and distribution of mycobacteria in lesions were more easily determined in immunoperoxidase-and AOAOstained sections than in NF-stained sections.
Incidental lesions noted were pyogranulomas containing Splendore-Hoeppli material and gram-negative rod-shaped organisms morphologically typical of Actinobacillus lignieresi in a mandibular lymph node and retropharyngeal lymph node, 1 sublingual abscess with associated gram-positive coccobacilli, scattered mineralized foci in 1 lymph node, and a focal lymphocytic hepatitis of unknown etiology. Also present was a focal eosinophilic lymphadenitis in 1 lymph node considered suggestive of a parasitic etiology.
Discussion
There are few published descriptions of bovine tuberculosis in wapiti. Previous anecdotal reports mentioned the isolation of M. bovis from 1 wapiti 40 and the presence of tuberculous lesions in 73 wapiti at slaughter. 16 A report of an outbreak of tuberculosis in confined wapiti herds described granuloma-type pulmonary lesions, and lymph node and subcutaneous abscesses. 37 Lymph node and lung lesions were recently noted in a captive M. bovis-infected wapiti in Montana. 39 Lesions of M. bovis infection in the conspecific European red deer 4, 7, 35, 36 and other cervids l,l0, 15, 22, [29] [30] [31] 33, 41 have been described and recently reviewed.
5,13
Mycobacterium bovis can produce high disease prevalence in a captive herd of wapiti. Twenty-three of 43 (5 3.5%) wapiti had granulomatous or pyogranulomatous lesions with associated acid-fast bacilli, and M. bovis was isolated from 16 animals with lesions and 1 animal without observed lesions. 26 In a previously reported outbreak of tuberculosis in captive wapiti, 37 8 of 10 animals that died from a herd of 62 had suggestive lesions, and M. bovis was isolated from 2 animals. Also, 1 of 5 slaughtered wapiti from a different herd had gross lesions suggestive of tuberculosis from which M. bovis was subsequently isolated. The prevalence of disease in this group of captive wapiti is similar to that reported in farmed red deer. In 1 group of 51 red deer imported to the United Kingdom from Eastern Europe, M. bovis was isolated from 20 (39.2%) animals, and 13 (25.5%) had visible lesions. 35, 36 A 90% infection rate in adult animals was described in a herd of New Zealand farmed red deer. 13 Other than the report of gross lesions suggestive of tuberculosis in wapiti from National Buffalo Park near Wainwright, Alberta, Canada 16, 34, 38 tuberculosis has not been encountered in freeranging wapiti.
Wide variations in lesion distribution and gross and microscopic features can occur with M. bovis infection in wapiti. The high prevalence of lung and retropharyngeal lymph node lesions is consistent with other reports in wapiti and red deer. 2,6,7,11,l3,32,36,37 Pleural and diaphragmatic lesions, subcutaneous abscesses, and mesenteric lymph node involvement have also been described. 11, 36, 37 Tuberculous lesions in the mammary gland of cervids are considered rare. 5 Occurrence of pulmonary lesions, predominantly in the subpleural parenchyma of the dorsocaudal portions of the caudal lobes, is similar to tuberculosis in adult cattle 21 and in sika and fallow deer. 23 In experimentally infected red deer, however, intratracheal inoculation of M. bovis produced anterior lung lobe lesions. 7 Anterior and middle lung lobes were also most frequently affected in an M. bovis-infected herd of fallow deer. 41 Granulomas with caseous centers and abscesses have been previously described in wapiti and red deer. 11, 16, 36 Concentrically laminated lesions, however, have not been reported with cervid tuberculosis. These lesions grossly and microscopically resembled lesions of ovine caseous lymphadenitis. 21 The microscopic features of caseous and suppurative lesions in these wapiti are similar to those described in tuberculous red deer. 4, 35, 36 These lesions usually possessed the hallmark features of bovine tuberculosis, i.e., caseous necrosis, mineralization, epithelioid macrophages, giant cells, and fibrosis. However, several differences from lesions in cattle were noted: 1) lesions contained moderate or large numbers of neutrophils, 2) mineralization was not as extensive as in bovine lesions and was often located around the periphery of the necrotic centers even extending into the layer of macrophages, 3) the caseous necrotic material did not stain as intensely eosinophilic and frequently contained abundant chromatin debris and/or neutrophils, 4) lesions contained fewer giant cells than do tuberculous lesions in cattle, and 5) several lesions contained large numbers of acid-fast bacilli, an unusual finding in cattle.
Varied patterns of mycobacterial distribution in lesions were demonstrated with acid-fast, AOAO, and immunohistochemical staining. The organisms' laminar distribution in the concentric lamellar lesions has not, to our knowledge, been previously described. The staining reaction of anti-M. bovis BCG antibody to M. bovis antigen was similar to results in studies using the antibody to demonstrate other mycobacteria. 28, 42 The immunoperoxidase stain allowed detection of mycobacteria at a much lower magnification than the NF stain. The AOAO stain also allowed demonstration of mycobacteria at a low magnification but required the use of a fluorescent scope and did not allow concurrent detailed assessment of the surrounding lesion.
This report is the first detailed description of gross and microscopic lesions of M. bovis infection in wapiti. The location and morphology of M. bovis lesions in this herd of wapiti were widely varied. The gross and microscopic appearance of lesions resembled bovine tuberculosis in cattle, abscesses, and ovine caseous lymphadenitis lesions. Subcutaneous abscesses and tuberculous mastitis were also present. These findings indicate that M. bovis should be considered as a possible etiologic agent whenever abscesslike lesions are encountered in cervids. 
